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As may be easily seen, the separation of gases by centrifugation mey be
conducted reversibly. Therefore this method is a most economical cne in
principrle. Tar & reversible yield of 1 m3 of puiw vaygen and 4 m3 or nitrogen
under standard conditions only about 0,09 kw=hr is required = a value much
lower than that required by the most perfect and modern equipment,

As indicated by the easy availebility of relevant English and French
patents (Edoardo Mazza, Fr 756239, Dec 33; Brit 423003, Jan 35) and by reports
in technical journals (J. Rabu, L'Iﬁustrie Chim, 22, 896, 1935) the method
of centrifugal separation is beginning to attract wide industrial interest,
The author does not intend here to evaluate in detail this data, It would
be time and space consuming and even useless, for the results of comput=
ations outlined below prove that these concepts are either illiterate musings
or simply technical fakes,

In the present article the author intends to prove that the method con=-
sidered is entirely inapplicable in cases where huge quantities of gases must
be handled = that is from the point of view of practical power engineering.
This unsuitability is mostly a consequence of the slowness of the diffusion
process.

The amount of gas mixture entering the centrifuge is initially distributed
in space according to the potential of the centrifugal force and to the mean
molecular weight of the mixture, This distribution occurs nearly instently =

more accurately, in a time interval of the
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game order as the ratio of centrifuge radiue to velooity of sound in the
glven mixture. The distribution is expreceed by the familiar formula:

¢ v ﬁ,. oxp (1 Wr)2/2RT

( the rho's are densities of the gas mixture on the axis of the centrifuge
at a distence r from the axls, omega is the angular velocity of the centri=
fuge, R 1o the gae constant, T is the absoluts temper:ture and # 48 the mean
molecular welght of the mixture) Thereafter the mixture begins to separute
into components with different molecular welghts.

In order that the secpar:tion roslly takes place, perfectly laminar
gaseous motion is required: this means chat tho gas must not be set in
motion by & bladed rotor inside an immobile cylinder - that is the
cylinder itself muet rotate. For e siewl cylinder with & stremgih of
100 kg/mm2 & linear velocity of 350 m/sec will produce & stress near the
breaking point. Let us assume that such a velocity is attainable. In
the case of centrifuging of air introduced near the axis of the centrifuge,
the compositiéﬁ\gsuilibrium near the periphery of the cylinder will contain
a little less than 22% oxygen. In order to obtain a mixturse with Log
oxygen contsnt, 12 stages of concentration are required, (The variation
of C, the ratioc of concentrations of the two gases, is computed by means

of the expression
C = exp(u, = V2 /2RT

where p; and pp are molecular welghts, Vo is linear velocity of the
cylindrical periphery, R is gas constant, and T is absolute temperazture).

Let us compute now the velocity of separation, the Achilles heel
of the method considered (let us agein mesume that the gaseous mixture ,
i.e.air, is introduced near the axls of the centrifuge and accordingly
condenses ab the periphery).

The amount of gas (diffusion stream)a(%i) flows per second towards
the axis through 1 cm2 of an imaginery cylinder of radius » , coaxlal
with the centrifuge (alpha is the diffusion coefficlent and rho is the partial
density of the investigeted gas at a distance r from the axie).
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The amount of gss (forced glrean) Ku‘; flows under the aeking inertial
forces from the axis to the periphery through the cale amé ( K is the
coefficient of proportionality and u is the centripetal accelerstion).
The resulting flow (without consideration of reversible diffusion of
nitrogen, which little effects the results) ies

q" Kug - d:%i_

The coefficlent K may be computed fromzthe condition that for
ecuilibrium, thet is when g = Q, oxp E;;f—t- (rho, 18 the deneity of
oxygen on the axis of the centrifuge and u is its molecualr weight)
the resultent flow q i equal to 0., Hence we obtain K = ‘2‘.& '
Initially (: ig proportional to? (the composition of the gaEThaa not yet

changed)j therefore

2
. Kug =0
% 4t dpﬁ : (";‘i’) = exp(u(w)2/210)

. --wrQ.exp(u(wr)Z/ERT)-a( -= § :

RT RT

i ()2 _

Ao erm(een ) (b )

RT O° 28T

Durihg centrifugation (b = 1) decreases in such & way thet the initial
flow Ls ab the same time the maxinum f£low qn.Passing 4o the flow through
the total surface of the centrifuge and setting r *® Ro, where Rg 18 the
redius of the centrifuge, we shall obtain the maximum (corresponding to
an infinitely small concentration ) flow of the gas separating:
Q = 2"Rglan * ET:J-':-Y;--? -exp(uvg /2RT) o(y = W
- RT 70
2nle\,V§ -

" mmeemne g, (w = w)
where Vo 18 the linear velocity near the periphery of the centrifuge,
{ is the length of the centrifuge and alphe the coefficlent of diffusion
of the gas investigated in the mixture abt the output pressure (coefficient
of diffusion is inversely proportional to density of mixture). In the
cage of separation of alr into nitrogen and oxygen 48 we seh u o~ 325

and p = 28.8, the linear veloeity of the above found value V, =3,6 x lohcm/sec
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and R = 8,3 x 107 erg/grad.mol, T = 300°K, O * 0,18 cm?/eec, we obtain

.

e

= 0,21¢,+» In other words, a separstor 1 meter long will give for
)

clrcumforential veloeity350 m/sec approximately 0.005 g of surplus
oxygen per second, or 100 g per howr at infinitely small concentration.

R

A velue of the same order ie obteined for nitrogen., It meens that a

| s

nitrogen gewdwedbwe plant producing 100 tons of nitrogen in bound form

'every 24 hre would require a centrifuge several hunderd kilometers long.

For the cose of final concmstration this number will still decreace.
Smowhat better, but generally just as sad,results, are obtained for the
geparation of pure hydrogen from varicus mixtures.

The results obtained prove that the installation of centrifugal
separators 1s of no value Lo the nllrogen industry or for the iurnaces
,' employing an oxygen blast. But 1f only small amounis of zns are required,

the centrifugal separator may have some application,
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